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[57] ABSTRACT 

A specific binding assay method employing, as a label- 
ing substance, a reversibly binding enzyme modulator 
for the detection of a ligand in a liquid medium. Th 
nwthod follows conventional specific binding assay 
tec h n iq uwt of either the homogeneous or heterogeneous 
type wherein the liquid medium to be assayed is com- 
bined with reagent means that includes a labeled conju- 
gate to form a binding reaction system having a bound- 
^>ecies and a free-species of the conjugate. The amount 
of conjugate resulthig in the bound-species or the free- 
species is a function of the amount of ligand present in 
the liquid medium assayed. In the present invention, th 
labeled conjugate comprises a reversibly binding en- 
zyme modulator covalently linked to a binding compo- 
nent of the binding reaction system. The distribution of 
the conjugate between the bound-species and the free- 
species is determined by addition of an enzyme whose 
activity is affected, either decreased or increased, by 
said modulator and measuring the resulting activity of 
the enzyme. The enzyme modulator may be a conven- 
tional enzyme inhibitor, preferably of the coompetitiv 
type, or an allosteric effector. 

19 OaiflM, 2 Drawing Ffgores 
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active coupling groups at opposite ends to covalently 
bind to the respective moieties to be linked. The bridge 
group usually comprises between 1 and 50, and prefera- 
bly between 1 and 10, carbon atoms or heteroatoms 
such as nitrogen, oxygen, sulfur, phosphorus, and so s 
forth. Examples of a bridge group comprising a single 
at m would be a methylene group ( ne carbon atom in 
the chain) and an amino group (one heteroatom in the 
chain). The bridge group usually has a molecular 
weight not exceeding 1000 and preferably less than 200. to 
The bridge group, if present, comprises a chain of car- 
bon atoms and/or heteroatoms and is joined to the en- 
zyme modulator and the binding component, respec- 
tively, by connecting groups, usually selected from 
ester, amide,' ether, thioester, acetal, methylene, and ^5 
amino groups. 

Following are structural formulae of contemplated 
labeled conjugates including the competitive inhibitors 
previously listed as the labeling substance and a general 
method for their preparation. 20 

A. Acetazolamide - binding component conjugates 

N N 

H2N02S^^ S ' 'NHCXXCHj)^— binding component jS 
N N 

HjNOjS^^ S ^^NHcO(CH2)5NH— binding contponeBt 



Eiample 1, Parts B and C provide details of prepara- 
tions of these types of conjugates. 

B. Phenyl trimethylammonium ion - binding compo- 
nent conjugates 

N®(CHj)|a© 



0 



NHCXXCH^IsHH— I 



The binding component of interest is covalently 
linked to the amino fimction of an o-aminoalkyl caibox- 43 
ylic acid through a reaction such as nucleo^iilic dis- 
placement The resulting product is then coupled to 
p-amino-N,NHiimethylaniline via an activating agent, 
such as carbodiimide. The resulting product is then 
treated with methyl iodide to give the desired conjn- ^ 
gate. 



OGON 

I 

CH) n a 1^ and R « binding compooem 

The binding component of interest is coupled through 60 
any appropriate means (activation of the carboxyl 
group, nucleophilic displacement) to one amino group 
of 3,3'-diaminodipropylanune. The resulting product is 
then treated with succinic anhydride. The resulting 
material is then coupled to the free amino function f 65 
the N-methyl-N-(p-aniinophenyl) carbamate ester of 
m-(triethylamino)-phenol via a carboxylic acid activat- 
ing agent. Alternatively, the inhibitor could be ex- 



30 



35 



tended further from the ligand by treatment of the 
above succinylated derivativ with 3,3'-diaminodi- 
propylamin and carbodiimide, followed by succinic 
anhydride and coupling to the inhibitor (n=2). 

C. Saccharo-l,4-lactone - binding component conju- 
gal 



c 

HOCH 
I 

HC 
I 

HCOH 
I 

C— NH— R— NH-binding component 
O 



Saccharo-l,4-lactone is coupled to an a,oKliaminoalkyl 
derivative through its free carboxyl group using a car- 
boxylic acid activating agent. The resulting product is 
then coupled to the binding component of interest using 
any appropriate reaction, e.g., nucleophilic displace- 
ment, carboxylic acid activation, etc. 

D. 4-Amino-lO-methylpteroylglutamic acid - binding 
component conjugate 

CONH— CHCOR 



H2H 
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NH2 CH3 



R wm —'OH or — NH(CH2)jrbinding component 
tt-6orl2 



I 

CH2 
I 

CH2CX)R 



The blading componeot of interest is coupled to amino 
ftnction of an coMtiaminoalkyl derivative through an 
appflopriate reaction sequence. The product from this 
reaction is then coupled to one of the carboxylic acid 
functions of 4-8mino-10-methyl pteroyl glutamic acid 
via an ap p ro priate carboxylic add activating agent, .g., 
carboditmide. 

E. 2,f,8-Trichloropurine - binding component conju- 
gate 



N®(CHj>3 NH-f-00(CH2)2CONH(CH2hNH(CH2)jNHfrR 

6i 0 



a 

N 



NH(CH2)»NH-lnnding 
n » 



2,6,S-Trichloropurine is treated with dihydropyran and 
a catalytic amount of add to produce a 9-substituted 
tetrahydropyranyl ether. This product is then reacted 
with an a,dKiianiinoalkane to produce a C-8 substituted 
aminoalkylamine derivative. The tetrahydropyranyl 
blocking group is then removed under addic conditions 
to give a 2,6-dichloro-8ubstituted purine. The binding 
component of interest is then coupled to the free alkyl 
amino group through any appropriate reaction se- 
quence. 
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ther background interest pertaining to heter geneous 

SPECIFIC BINDING ASSAY WITH AN ENZYME assays is Principles of Competitive Protein-Binding Assays. 

MODULATOR AS A LABELING SUBSTANCE ed. OdeU and Daughaday (J. B. Lippincott Co., PhUa- 

^ . ^^^*.^.«.r^ -^.Tr. ,».T,/r^».T^w^vT delplua, 1972). An enzyme-labeled immunoassay of the 

BACKGROUND OF THE INVENTION 5 homogeneous type is described in U.S. Pat. No. 

1. Field of the Invention 3,817,834 wherein a ligand-enzyme conjugate is em- 
This invention relates to assay methods of the h mo- ployed. The enzymatic activity of the conjugate in the 

geneous and heterogeneous specific binding type for bound-species is measurably less than that in the free- 
determining qualitatively or quantitatively a ligand in a species, thereby allowing a homogeneous format to be 
liquid medium. In a preferred embodiment, the present 10 used. The use of particularly unique materiab as label- 
invention relates to competitive binding immunoassays ing substances, including coenzymes, luminescent m le- 
employing nonisotopic labels. cules, and cleavable fluorescent substrates, in both ho- 

2. Ciescnption of the Prior Art mogeneous and heterogeneous formats, is described in 
In conventional specific binding assay techniques, the U.S. patent applications Ser. Nos. 667,982 and 667,996, 

test sample is combined with reagent means of various 15 filed on Mar. 18, 1976, and assigned to the instant as- 

compositions that include a conjugate of a labeling signee. 

substance linked to a binding component which partici- It is a primary object of the present invention to pro- 
pates with other constituents, if any, of the reagent vide a specific binding assay method, useable in both the 
means to form a binding reaction system producing two homogeneous and heterogeneous modes, which em- 
species of the labeled conjugate, a bound-species and a 20 ploys a unique labeling substance belonging to a large 
free-species. The relative amounts of the labeled conju- class of compounds for which there is an extensive 
gate that result in the bound-species and the free-species literature background to facilitate selection of specific 
are a function of the presence or amount of the ligand to labels, approaches to derivatization, and monitoring 
be detected in the test sample. reactions. 

As an illustration, a conventional competitive binding 25 summary of thf invfimtion 
assay technique will now be described. In such a tech- SUMMARY OF THE INVENTION 
nique the reagent means would comprise (1) a labeled The present invention provides a specific binding 
conjugate in tibe form of the ligand to be detected, or of assay method employing, as a labeling substance, a re- 
an appropriate analog thereof, chemically linked to a versibly binding enzyme modulator. The inventive la- 
labeling substance end (2) a specific binding partner for 30 beling substance may be used in both homogeneous and 
the ligand, such as an antibody or other binding protein. heterogeneous binding assay formats wherein the liquid 
Upon combination of the test sample and the reagent medium to be assayed for a ligand is combined with 
means, the ligand to be detected and the labeled conju- reagent means which includes a labeled conjugate to 
gate would compete in a substantially nondiscriminat- form a binding reaction system having a bound-species 
ing manner for noncovalent binding to the specific bind- 35 and a free-species of the conjugate. The amount of con- 
ing partner. As a result, the amount of labeled conjugate jugate resulting in the bound-species or the free-species 
that would become bound to the binding partner, i.e., in is a function of the presence or amount of ligand present 
the bound-species, or that would remain free, i.e., un- in the liquid medium assayed. In the present invention, 
bound to the binding partner, and, thus, in the free-spe- the labeled conjugate comprises a reversibly binding 
cie8» is a function of the amount of competing ligand 40 enzyme modulator covalently linked to a binding corn- 
present ponent of the binding reaction system. The distribution 

Where the labeled conjugate in the bound-species and of the conjugate between the bound-species and the 

that in the free-species are essentially indistinguishable free-species is determined by addition of an enzyme 

by the means used to measure the labeling substance, whose activity is affected, either in an inhibitory or 

the bound-species and the free-species must be physi- 45 stimulatory manner, by said modulator and measuring 

cally separated in order to complete the assay. This type the resulting activity of the enzyme following the de- 

of assay is referred to as "heterogeneous.** Where the sired homogeneous or heterogeneous assay scheme. 

SSSStSrdiSlSS:."^^"^'^^^ BRIEF DESCRIPnON OF THE DRAWmO 

mat may be followed and the separation step avoided. SO FIG. 1 is a graphic representation of the mhibitory 

The first discovered type of specific binding assay effect of various concentrations of biotin-modulator 

was the radioimmunoassay which employs a radioac- conjugate on the esterase activity of carbonic anhydrase 

tive isotope as the labeling substance. Such an assay measured by hydrolysis rate; and 

necessarily must follow the heterogeneous format. Be- FIG. 2 is a graphic representation of the effect of 

cause of the hazard and difficulty of handling radioac- 55 various concentrations of avidin on the inhibitory effect 

tive materials, many new assay systems have been de- of biotin-modulator conjugate on the esterase activity of 

vised using materials other than isotopes as the labeling carbonic anhydrase measured by hydrolysis rate, 

substance^ including enzymes fluoroscent molecules, DESCRIFTIGN OF THE PREFERRED 

bacteriophages, coenzymes, and lummescent molecules. • cMnnniUc^ 

The following describe several different heteroge- 60 cMuuuiivniw la 

neous binding reaction systems in which an enzyme is In the context of this disclosure, the foUowing terms 

employed as the labeling substance: U.S. Pat. Nos. shall be defmed as follows: "ligand" is the substance, or 

3,654,909; 3,791,932; 3,839,153; 3,850,752; and group of substances, whose presence r the amount 

3,879,262; / Immunol Methods 1:247 (1972); and / thereof in a liquid medium is to be determined; "specific 

Immunol 109:129(1972). A heterogeneous binding 65 binding partner of the ligand" is any substance, r group 

assay utilizing a non-active precursor f a spectr photo- of substances, which has a specific binding affinity for 

metrically detectable substance as the labeling sub- the ligand to the exclusion of ther substances; "specific 

stance is suggested in U.S. Pat. No. 3,880,934. Of fur- binding analog of the ligand" is any substance, or group 
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excess of that capable of being displaced by all of the 
ligand in the liquid medium in the time that the specific 
binding partner, or complex, and the medium are in 
contact prior to the completion of the assessment of any 
change in the activity of the conjugated modulator. 

Anoth r variation of th competitive binding homo- 
geneous technique is the sequential saturation homoge- 
neous technique wherein the components of the specific 
binding reaction are the same as those used in the com- 
petitive binding technique, but the order of addition or 
combination of the components and the relative 
amounts thereof used are different. Following a sequen- 
tial saturation technique, the specific binding partner of 
the ligand is. contacted with the liquid medium sus- 
pected of containing the ligand for a period of time 
prior to the contact of said liquid medium with the 
conjugate. The amount of the specific binding partner 
contacted with the liquid medium is usually in excess of 
that capable of binding with all of the ligand thought to 
be present in the liquid medium in the time that the ^ 
specific binding partner and the liquid medium are in 
contact prior to the time that the liquid medium is con- 
tacted with the conjugate. Further, the amount of the 
ligand or ligand analog in conjugated form is usually in 
excess of d^t capable of binding with the remaining 
unbound amount of the specific binding partner during 
the time that the liquid medium and the conjugate are in 
contact prior to the completion of the assessment of any 
change in activity of the conjugated modulator. 

HETEROGENEOUS SCHEMES 

The use of an enzyme modulator as labeling sub- 
stance can also be applied to the conventional heteroge- 
neous type assay schemes wherein the bound- and frec- 
spedes of the labeled constituent are separated and the 
quantity of labeling substance in one and/or the other is 
determined. The reagent means for performing such a 
heterogeneous assay may take on many different forms. 
In general* such means comprises three basic constitu- 
ents, whtch are (1) the ligand to be detected* (2) a spe- 
cific Innding partner of the ligand, and (3) a labeled 
ccmftttuent which is normally a labeled form of (a) the 
ligand, (b) a specific binding analog of the ligand, or (c) 
the ^wdfic binding partner. The binding reaction con- 
stituents are coml)dited simultaneously or in a series of 
additions, and with an appropri ate incubation period or 
periods, the labeled constituent becomes bound to its 
c or re sp o n ding competing binding partners such that the 
extent of binding, i.e., the ratio of Uie amount of labeled 
constituent bound to a binding partner to that unbound, 
b a function of the amount of ligand present To follow 
b a brief description of some of the different heteroge- 
neous binding reaction schemes that may be used in 
carrying out the method of the present invention. 

For the diagrams which are set out hereinafter, the 
following legend shall apply: 

Symbol DefinitkM 



■"^^ ii^ubttion period 

(iq>) tpproprute separation of the 



li(and to be detected in lample 
ligand or ipecific binding 
analog thereof 

binding partner for the Kgand 
labeling lubatanoe, i.e.. 
ensyme modulator 

tnaohible phase 
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-continued 



Symbol Definition 



bound- and free-tpeciet 
(liffl) limited; present in an amount leu 
than that capable of being bound 
to the total available bin£ng 
sites under the selected reaction 
conditions during the selected 
incubation period; le.. the 
stitucnt for which the other con- 
stituents compete for binding 
(exc) excess; present in an amount greater 
than that capable of being bound by 
the total available binding sites 
under the selected reaction condi- 
tions during the selected incubation 
period 



1. Competitive binding heterogeneous formats 



L + ©+ B(lim) 



^ + insolubili^u agem 
for B or (0(sep) 



This is the classical competitive binding approach. Ex- 
amples of insolubilizing agents are specific precipitating 
antibodies, specific tnsolubilized antibodies, and, where 
B or© * is a proteinaceous material, protein precipita- 
tors such as anmionium sulfate, or where B or(P* is a 
small adsorbable molecule, dextran-coated harcoal 
Description of paraUel systems may be found in Bio- 
chenu / 88:137 (1963) and U.S. Pat No. 3,839,153. 



b) 



B(lim) 



This ^yproach is commonly referred to as the solid- 
phase technique. Descriptions of paraUd radioimmuno- 
assay enzyme ttntnuwoniMn y techniques may be 
found in U.S. Pat Nos. 3,503,019; 3,555,143; 3,646,346;. 
and 3,654,090. 



L + B» + |-0aim) >(sep) 



c) 



Reference: U.S. Pat No. 3,654.090. 



d) 



B*(lim) 



50 



Reference: U.S. Pat No. 3,850,752. 
1 Sequential saturation heterogeneous formats 



55 L + B(exc) — ^txc) — >+ insohibiliang 

agent for B or ©(sep) 



s) 



In the sequential saturation technique, some or all th 
binding sites on B remaining after the first incubation 
period are bound by the labeled constituent 



L + KB(eJic) • 



c) >(sep) 



b) 



65 



Descriptions of parallel radioimmunoassay and enzyme 
inmiunoassay techniques may be found in U.S. Pat. N . 
3,720,760 and / Immunol 209:129(1972). 
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stirred for 1 hr at 0* C. with 100 ml 1.5 N hydrochloric 
add and the resulting yellow precipitate was collected 
by filtradon and stirred for 1 hr at 0* C. with 100 ml 
10% (by weight) sodium hydroxide. Th yellow solid 
was collected by filtration and recrystallized from aque- 
ous methanol to give SO mg of yellow solid (9% yield, 
ntp. 229*-233* C). 

Analysis calculated for C|4Hi7N707S2: C, 36.60; H. 
3.73; N. 21.34. Found: C, 37.07; H. 3.96; N, 21.19. 

D. Reagent Solutions 

(1) Acetaiolamide Reagent - 2-Acetylamino-l,3,4- 
thiadiazole>5Hulfonamide (1.6 mg) was dissolved in 
several drops of dimethylsulfoxide and diluted to 30 ml 
with water, i^urther dilutions were with water. 

(2) Biotin- and DNP-M odulator Reagents - The bio- 
tin -modulator conjugate (2.0 mg) and the DNP- 
modulator coi^ugate (1.7 mg) were each dissolved in 10 
ml 0.1 M sodium carbonate buffer, pH 10.5. Further 
dilutions were with water. 

(3) Avidin Reagent • Lyophilized avidin (Sigma 
ChmvTf^ Co., St Louis, Mo.) was dissolved in 10 mM 
Tris-HO buffer, pH 7.4, at a level of 10.5 activity units 
per ml (one unit = amount capable of binding 1 ftg of 25 
biotin). 

(4) Antibody to Dinitrophenyl (DNF) Reagent - An- 
tisera raised against DNP was chromatognq>hed at 4* 
C on a 5 X 70 cm column of Sephadex O-200 (Phar- 
macia AB, Uppsala, Sweden) with 0.1 M Tris-HQ 
buffer, pH 8.2, containing 1 M sodium chloride. The 
seocmdeluted peak determined by optical density moni- 
tofed at 280 nm contained the antibody activity to 
DNP. 

(5) p-Nttrophenyl Acetate Reagent - 5 mg in 0.3 ml 
acetone adijusted to 10 ml with distilled water with 
stirring. 
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EXAMPLE 3 

Esterase Activities of Carbonic Anhydrase as a 
Function of Biotin-Modulator Conjugate 
Concentration 

Carbonic anhydrase, 0.027 International Units, was 
incubated for 5 min at room temperature in a series of 
0.66 ml aqueous solutions containing 100 ^ O.IM die- 
thylmalonic buffer, pH 7.4, and the concentrations of 
the biotin-modulator conjugate (prepared according to 
Example 1, Part B) indicated in Table 2 (concentration 
of conjugate based on 1 ml final volume). Esterase ac- 
tivity, as measured by hydrolysis rate, was determined 
for each reaction mixture as in Example 2. The results 
are presented in Table 2 and in graphical form in FIG. 
1 of the drawing. 

Table 2 



Biotm-ModuUtor Coiyttgite 
Conoentrmtioii O^M) 


Hydrolyiit Rjte 
(AOD34^iiiiii/mI) 


aoo 


a 136 


aos 


ai20 


aio 


0.109 


020 


a 103 


a3o 


ao7i 


a4o 


a057 


aso 


ao40 
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EXAMPLE 2 

Esterase Activities of Carbonic Anhydrase as a 
Function of Acetazolamtde Concentration 



40 



Carbonic anhydrase, 0.013 International Units, was 
incubated for 5 min at room temperature in a series of 
0.66 ml aqueous solutions containing, respectively, 100 
;il 0.1 M diethyhnalonic buffer, pH 7.4, and the conoen- 
tratiotts of acetazolamide and avidin given in Table 1 
(concentrations of acetazolamide and avidin based on 1 
ml final volume). p-Nitrophenyl Acetate Reagent (0.33 ^ 
ml) was added to each solution to give a total volume of 
1 ml The hydrolysis rate for p-nitrophenyl acetate was 
determined by monitoring alMoibance at 348 nm. 

The results, expressed as the average of duplicate 
measurements, are presented in Table 1. 



Table 1 





Avidia 


Hydndyib lUte 


Coooentntkm (fiM) 


(uoiM/inl) 


(AOD34s/iiiiii/mI) 


0.000 




0.136 


ai44 




aoss 


OISS 




a047 


ai44 


aios 


a069 


0.000 




aui 


0X00 


0.105 


a 106 
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These data indicate that the biotin-modulator conju- 
gate possesses useful inhibitory properties relative to 
carbcmic anhydrase and is slightly less efficient than the 
underivatized inhibitor, acfftarolamirie. 

EXAMPLE 4 

Direct Binding Assay for Avidin; Competitive Binding 
Assay for Biotin; Use of Derivatized Acetazohunide as 
Taheling Substance 

A series of binding reaction mixtures were prepared, 
each to a volume of 0.66 ml and containing 100 ;il 0.1M 
diethyhnalonic buffer, pH 7.4, and the concentrations of 
biotin-modulator conjugate (prepared as in Example 1, 
Part B), bbtin, and avidin indicated in Table 3 indi- 
cated concentrations based on 1 ml final volume). After 
a 5 min incubation at room temperature, 0.027 bitema- 
tional Units caxbonic anhydrase was added to each 
reaction mixture followed by an additional 5 min incu- 
bation. p-Nitrophenyl Acetate Reagent (0.33 ml) was 
then added to each and the rate of hydrolysis measured 
by monitoring absorbance at 348 nm. 

The results, expressed as the average of duplicate 
measurements, are presented in Table 3. The results of 
reaction mixtures 2 through 9 are presented in graphical 
form in FIO. 2 of the drawing. 

The results of reaction mixtures 2 through 9 demon- 
strate the effect of various levels of avidin on the inhibi- 
tory activity of biotin-modulator conjugate on esterase 
activities of carbonic anhydrase. For a constant level of 
biotin-modulator conjugate, the rate of enzymatic hy- 
drolysis is directly related to the amount of avidin pres- 
ent The results of reaction mixtures 9, 10, and 11 show 
that when biotin is present, the rate of hydrolysis is 
inversely related to the amount present 

Table 3 



These data indicate that aceta74)1amide inhibited the 
enzyme carbonic anhydrase and that the presence of 
avidin had n significant effect on such inhibition. 



65 



RcKCioo Btotin-Modolator Biotin AukUn 
Mixture CotUttgite OiM) OiM) (uaiti/ml) 



Rate of 
Hydrotytift 



aso 
aso 
aso 
aso 



aoit 

0.026 
0.040 

aos3 



a 128 

0.049 
a036 
0.066 

ao7s 
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the improvement wheran said labeling substance is a said means comprising (i) said coiyngate wherein said 

reversibly binding enzyme inhibitor and said means binding component is said ligand, a specific binding 

comprises additionaUy an enzyme whose activity is analog f said ligand* or a q>eciftc binding partner of 

affectedby said enzyme inhibitor, the binding con- said ligand. and (ii) if said binding component is said 

stant for association of said iiAibitor and said en- 5 Ugand or a specific binding analog thereof, a specific 

zyme being less than about 10" molar- 1. binding partner f said ligand. 

10. Means aa claimed in claim 9 wherein the binding 14. Means as in claim 9 which comprises © said con- 

constant for the association of said reversibly bindins jugate wherein said bmding component is said Ugand or 

enzyme inluTWtor and udd enzyme b between about 1 ^ ^^^^ ^ and fii) a spe- 

and about lO»molar->. ^jjij^ Ending partner of said ligand^ 

J w^J^ churned m claim 9 whoi^said revm. ^ as in daim 14 Xdn one of said conju- 

iblyJ^mhng enzyme mhi^ gate and said specific binding partner is in a form which 

^aSTSchumedinchumllwhereinsaidrevers- wi^wlubk 

ibly binding competitive inhibitor ^d^S^ 15 . M«» <J^» which compi^ 

lSrit^^cre*va^ jugate ma form which is soluble in said Uquid medium 

(a) acctazohunide,^WdRr«5ve amdog thereof, and ^ r '^'^ 
carbonic anhydrasc; mg partner of said hgand, and fn) said hgand or a spe- 

(b) sulfanilamide, or an effective amdog thereof, and }'^f^/^!^ ^ » » ^^"We 
carbonic anhydrase; jD medium. 

(c) phenyl trimethylammonium ion, or an effecdve 17. Means as in chum 9 which comprises fi) said con- 
analog thereof, and acetylcholinesterase; wherein said binding component is a specific 

(d) saccharo-l,4-lactone, or an effecdve analog bindmg partner of said ligand, and (iO a specific binding 
thereof, and iS-glucuronidase; partner of said ligand. 

(e) 4-amixio-lO-iiiethyl-pteroylglutamic add, or an 25 Means as in claim 17 wherein one of said coiyu- 
effective analog thereof, and dihydrofolate reduc- specific binding partner is in a form which 
tase; or is maoluble in said liquid mrdiimi, 

(0 2,6,8-trichloropurine, or an effecdve analog 19. Means asm chum 9 wherein said ligand is sdected 

thmof, and uricaae. fiom the group consisting of antigens and antibodies 

13. Means aa claimed in claim 9 wherein said enzyme 30 thereto; haptens and antibodies thereto, and hormones, 

inhibitor, as a component of said coiyugate, affects the vitamins, metabolites, and pharmacological agents, and 

activity of said enzyme differently when said coiyugate their receptors and bmdtng substances, 

is in said bound-species than when m said firee-spedes, • • • • • 

35 



40 



45 



50 



55 



60 



65 



